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1 764 CERTIFICATE OF FACSIMILE TRANSMISSION 



I hereby certify that this paper is being facsimile transmitted lq 
the Patent and Trademark Office (Fax. No. 571/273-8300) on 
December 20. 2006. 



Assistant Commissioner for Patents 
Washington, D.C. 20231 




Sir: 



DECLARATION OF ANCA FAUR-GHENCIU. NATHAN E, TRUSTY, 
MARK R. FEAVIOUR. JESSICA G. REINKINGH. PHILLIP SHADY, AND 
PAUL J. ANDERSEN UNDER 37 C.F.R. 1.131 

Anca Faur-Ghenciu, Nathan E. Trusty, Mark R« Feaviour, Jessica G, Reinkingh, Phillip 
Shady, and Paul J. Andersen, the applicants in the above-identified patent application, declare as 
follows: 

1 . We are the inventors of claims 1 -61 of the above-identified patent application and 
inventors of the subject matter described and claimed therein. 

2. Prior to March 28, 2002, we reduced the present invention to practice as 
evidenced by Exhibits A-C attached hereto. 

3. Exhibit A is a copy of a Record of Invention prepared with respect to the present 
invention. The Record of Invention includes a brief description of the invention, testing 
conditions, various catalyst formulations, results and conclusions, and references to supporting 
data. 
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4. Exhibit B is a copy of pages 17-30 of Laboratory Notebook No. 1 875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A-C is prior to March 28, 2002. All work 
relating to the conception and reduction to practice of this invention was carried out in a WTO 
country. 

The declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of this application or any patent resulting therefrom. 

Date: See attached sheet 



Anca Faur-Ghenciu 
Date: See attached sheet 



Nathan E. Trusty 

Date: See attached sheet 



Mark. R. Feaviour 

Date: See attached sheet 



Jessica G. Reinkingh 
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Phillip Shady 

Date: See attached sheet 

Paul J. Andersen 
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4. Exhibit B is a copy of pages 17-30 of Laboratory Notebook No. 1875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention* 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Mattbey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A-C is prior to March 28, 2002. All work 
relating to the conception and reduction to practice of this invention was carried out in a WTO 
country. 

Hie declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or Tm p rin nnTngnt^ qj hn fi^ under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of this application or any patent resulting therefrom 
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Date: 




Nathan E. Trusty 
Date; . 



Maxk, R. Feaviour 

Date: . 



Jessica Q. Reinkingh 
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4. Exhibit B is a copy of pages 1 7-30 of Laboratory Notebook No. 1 875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy or an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A C is prior to March 28, 2002. All work 
relating lo ihe conception and reduction to practice of this invention was carried out in a WTO 
country. 

The declarants further state that the above statements were made with the knowledge that 
willftjl false statements and the like are punishable by fine and/or imprisonment! or both, under 
Section IDO] of Title IB of the United States Code, and that such willAil false statements may 
Jeopardize the validity of this application Or any patent resulting therefrom. 

Date: , 

Date: /l//l/VC 

Date: 

Date: 
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4. Exhibit B is a copy of pages 17^30 of Laboratory Notebook No. 1875. These 
pages show -he preparation of several catalysts of the present invention as well a* comparison 
examples. P;tges 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a oopy of an email from Peter Gray of Johnson Matthey PLC to 
James Sallex of General Mo ton Corporation, the assignee of die present invention, with an 
attachment f rrwardinfi the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A-C is prior to March 2B, 2002. All work 
relating to tfa* conception and reduction to practice of this invention wag carried out ma WTO 
country. 

The declarants Anther state that the above statements were made with the knowledge thai 
willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1003 of Title IS of the United States Coda, and that such willful false statements may 
jeopardize ti e validity of this application or any patent resulting therefrom. 

Date: 

Anea Faur-Ghenciu 

Date: 

Nathan E. Trusty 

rw Eg? 2 £*<^ 2** *- ^.£fcv* » 

Mark. R. Feaviour 

Date: w 

Jessica G. R^inkingh 
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4. Exhibit B is a copy of pages 17-30 of Laboratory Notebook No. 1 875. These 
pages show the preparation of several catalysts of the present invention as well as comparison 
examples. Pages 23, 25, and 29 are referred to on page 4 of the Record of Invention. 

5. Exhibit C is a copy of an email from Peter Gray of Johnson Matthey PLC to 
James Sailer of General Motors Corporation, the assignee of the present invention, with an 
attachment forwarding the Record of Invention for the present invention. 

6. Each of the dates deleted from Exhibits A-C is prior to March 28 T 2002. All work 
relating to the conception and reduction to practice of this invention was carried out in a WTO 
country. 

The declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of this application or any patent resulting therefrom. 

Date: 



Date: 



Date: fjJllJjzSf-L 
Date: 
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RECORD OF INVENTION 



Title of Invention: High Activity Water Gas Shift Catalysts Based on Promoted Platinum Group 
Metals - Ceria-containing Oxides 



Record Written by: Anca Ghenciu 



Date Record Written: 



Brief Description of Invention: 

In the catalyzed water gas shift (WGS) reaction, the high activity WGS catalyst systems 
consisting of 1-4% platinum, or palladium, or platinum-palladium, or platinum-indium, dispersed 
on or In the lattice of ceria-zirconia or cerla-lanthana mixed oxides with various ratios cerfa- 
zirconia or cerla-lanthana, respectively, said catalysts including a 0.1%-1% promoter comprising 
of one or more alkali or alkaline-earth metals selected from the group of cesium, lithium, 
rubidium, potassium, or magnesium, strontium, barium, said catalyst including support dopants 
such as lanthanum, praseodymium, neodymium, all said catalysts tested in the presence of 
carbon monoxide, water, carbon dioxide and hydrogen, with best catalytic performance between 
200M00°C, preferably 250°-375°C. The invention also relates to the use of said catalysts as 
coated on monolithic supports for the WGS reaction. 

Catalyst testing: fixed bed reactor, 1 g catalyst and 1 g cordierite 45-60 mesh, under the 
following reaction conditions: 8%CO, 30%H20, 10%CO2, 32.5%H2, 1%CH4, balance N2, in a 
fixed bed reaction system, at 67,500 cc/g cat /hr weight hourly space velocity, between -150° 
and -600°C. Test results in each case (Examples) to be written. 

Results and conclusions: 

1. The ceria-zirconia mixed oxides show improved catalytic performance over ceria-lanthana, 
also over ceria- orzirconia-only. The ceria-zirconia catalysts of this invention show a decrease 
in the onset temperature of the WGS reaction (light-off temperature). Possible reasons for the 
improved catalytic activity conferred by ceria-zirconia mixed oxides: 

- High thermal stability therefore improved durability/long-term stability conferred by the 
mixed oxide phase. 

- Improved water adsorption properties compared to ceria-only supports (here citation of 
previously known 1%Pt/Ce02 catalyst), yet while keeping the oxygen mobility as 
conferred by ceria. 

- Higher metal dispersion on ceria-zirconia mixed oxides than on ceria when the same 
method of metal deposition is used. 

- Optimum ceria: zirconia ratio for the oxides studied ~ 20:80. Advantage of high Zr:Ce 
ratio perhaps due to improved water adsorption properties, that may also reflect in a 
better durability. A ceria content is necessary, since Pt/zirconia has poorer 
performance. 

2. All platinum-ceria-zirconia mixed oxides of this invention show better activity than palladium, 
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platinum-palladium, or platinum-iridium catalysts in combination with the same oxides and 
prepared in the same manner. Platinum formulations offer advantage over palladium 
formulations based on the temperature difference between the onset of WGS and the onset of 
methanation; the no-methanation window for WGS reaction is wider in the case of Pt catalysts 
than for Pd formulations. 

3. For the unpromoted formulations, methane formation is seen to a small extent at 
temperatures higher than 350 a C under the testing conditions. The alkali and alkaline-earth 
promoters reduce the extent of methanation (conversion to methane formation) and/or shift the 
onset of methanation to higher temperatures. 

4. Role of alkali and alkaline-earth promoters 

- Improve the water adsorption/chemisorption properties of the oxidic support (also known 
from the technical literature as promoters for several partial oxidations and epoxidations). A 
more pronounced increase in the catalytic activity is seen in the case of Ce-rich mixed 
oxides than in the case of Zr-rich or La- rich ceria-containing mixed oxides. 

- Reduce the extent of methanation. The temperature corresponding to the onset of 
methanation is higher in the case of Li than in the case of Cs (see "3" above). 

- An improvement consisting of more than 50°C decrease in the temperature corresponding to 
the maximum catalytic activity is obtained with Cs- or Li/2% Pt/Ce02-Zr02 (58:42 wt%) 
compared to the unpromoted formulation, 2%Pt/Ce02-Zr02 (58:42 wt) or the known to the art 
Pt/Ce02. 

5. Pt/Zr-rich ceria-zirconia formulations, even when unpromoted with alkali, show the same high 
activity as the alkali-promoted Pt/stoichiometric oxide, possibly due to improved water 
chemisorption with the increase in Zr content. The difference between the two may consist in long- 
term performance and durability. 

6. Role of chosen dopants 

- La, Pr, Nd improve the thermal stability of the support. Some reduction in activity seen in 
some cases. 



Perhaps to also cover (or publication): 

Impact of catalyst preparation method and material properties on catalyst performance, role of 
the metal-oxide interface in the catalytic activity: Pt-O-CeOx-ZrOx, continuum phase. 



Novelty of the Invention: 

Under the reaction conditions chosen for testing: 1. Very high activity catalysts comprised of Pt, 
Pt-Pd, R-lr/ceria-zirconia mixed oxides with different Ce02:Zr02 ratios for medium temperature 
range WGS reaction, 20(M0O°C, preferably 300°-375*C. 2. 1-4%Pt supported on ceria-zirconia 
mixed oxides show higher WGS activity than the similarly prepared Pt catalysts supported on 
either ceria-only or on zirconia-only, for the same Pt content. 3, For Pt/ceria-zirconia catalysts, a 
Zr-rich formulation (i.e., Ce02-ZrO2 20:80, wt%) shows higher WGS activity than the 
stoichiometric oxide (Ce02:Zr02 58:42, wt%) and also than a Ce-rich oxide (i.e., Ce02:Zr02 
70:30, wt%), but also than the Zr-cn!y formulations. 4. Cesium and Lithium promotion of the 
Pt/ceria-zirconia catalysts leads to further improvement in the WGS activity, at temperatures lower 
than in the case of the unpromoted catalysts. Over 50 C C decrease in the temperature 
corresponding to the maximum catalytic activity is obtained with Cs- or Li/2%Pt/Ce02-Zr02 (58:42 
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wt%) compared to the unpromoted formulation, 2%Pt/Ce02-Zr02 (58:42 wt) or the known to the 
art Pt/Ce02. 5. The effect of promoters in the increase in activity is more pronounced in the case 
of Ce-rich formulations than for the Zr-rich formulation. 6. The ceria-zirconia ratio is estimated to 
play a role in durability. 7. For all Ce02-Zr02 formulations studied, the alkaline metal promotion 
contributes to the reduction in methane formation. 8. Promotion with Li shifts the onset of 
methanation to slightly higher temperatures than the promotion with Cs. 



Benefit of Invention: 

1. Catalyst formulations with very high catalytic activity for WGS reaction at medium temperature 
(300°-375°C), for the production of hydrogen. High catalytic activity with no methane formation 
below 350°C and minimum methane formation at temperatures higher than 350°C, in the 
presence of Pt/ceria-zirconia or Pt/ceria-lanthana mixed oxides, and thier alkali- or alkaline-earth 
promoted formulations. 2. Improved catalytic activity with Cs- and Li-promoted Pt dispersed on/in 
Ce02-Zr02 mixed oxides, at lower temperatures and with higher activity and selectivity than for Pt 
dispersed on Ce02 or Zr02 only. 3. Improved catalytic activity for WGS with high Zr/Ce ratios. 4. 
Reduction in the methanation activity obtained in the presence of alkali-promoted formulations. 5. 
Thermally stable catalytic materials based on the high thermal stability of the Ce-Zr mixed oxides. 
6. Possible improved thermal durability through the use of support dopants: Nd, Pr. La. 



References to Supporting Work (e.g. Lab Notebook Number): 



1757-86-243 1 %Pd/[90(CeO2-ZrO2 20:80)-1 0(Al2O3)] 

1757-1 1 3-243C 1 %Pd/[90(CeO2-ZrO2 20:80)-1 0(AI2O3)] 
1757-93-253 1 %Pd/[60(La2O3-CeO2 60:20)-20(AI2O3)] 



1757-131-1 1%Pdf75%La203-25%Ce02 

1757-131A2 (1%Pd-0.5%Pt)/75%la2O3-25%CeO2 

1757-133-4 (1%R-05%Cs)/75%La2O3-25%CeO2 

1757-139-2 1%Ptf75%La203-25%Ce02 

1 757-136-1 1 %Pd/25%La203-75%Ce02 

1757-137-2 (1%Pd-0.5%Pt)/ 25%La203-75%Ce02 

1757-141-1 (1 %Pt-0.5%Cs)/ 25%La203-75%Ce02 

1757-140-1 1%Pt/25%La203-75%Ce02 

1757-143-14 (1%Pt-0.5%Cs)/CeO2 

1 757-161 A 0.2%Cs/2%Pt/CeC2 - 

1875-009 0.2%CsHPA/2%Pt/CeO2 

1757-164B 0.2%lr/2%Pt/CeO2 - . 
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1757-159B 2%Pt/LaOx-Ce02 - 

1875-010 0.2%CsHPA/2%Pt/LaOx-CeO2 

1757-160B 0.2%Cs/2%Pt/La-CeO2-, . 

1757-161 B 2%R/Ce02-ZrO2 (58:42 wt) - 

1 757-168A 2%Pt/Ce02-Zr02 (1 9.6 : 80.4 wt) - 

1 757-1 86 0.2%Cs/2%Pt/CeO2-ZlO2 (1 9.6 : 80.4 wt) - 

1 757-163B 0.2%Cs/2%Pt/ Ce02-ZiO2 (58:42 wt) - 

1 757-166B (2%R-0.2%Cs)/CeO2-ZrO2 (58:42 wt) (C) - 

1 757-167B 0.2%Cs/2%Pt/ Ce02-Zi02 (58:42 wt) (cc) - 

1 757-168B 2%Pt/Ce02-Zr02 (70.5 : 29.5 Wt) - 

1 757-167A 2%Pt/Ce02-Zr02-La203 (54.4 : 40.6 : 3.8 wt) - 

1 757-1 73A repeat of 1757-1 66B- 

1 757-1 73B (2%PM).2%Cs)/Ce02-ZrO2 (58:42 wt) - 

1 757-166A 2%Pt/ Ce02-Zr02 (58:42 wt) (c) - to be compared with 1757-1 61 B 

1 757-177 2%Pt/0.2%Cs/CeO2-ZrO2 (58:42 wt) - 

1757-175 2%Pt/0.2%Cs/CeO2-ZrO2 (58:42 wt) (c) - 

1757-179 same as 1757-1 63B- 

1757-181A 2%Pt/Ce02-ZrO2-La2O3-Nd2O3 (20 : 73.5 : 1.5 : 5 Wt) - 

1757-181B 2%Pt/Ce02-ZrO2-La203-Nd203 (20 : 73.5 : 1.5 : 5 wt) (c) - 

1 757-1 88B 2%Pt/(c) Ce02-Zr02 (58:42 wt) - 

1 757-1 88A 2%Pt/Ce02-FeOx - • 

1 757-1 89A 2%Pt/Ce02-ZrO2 (58 : 42 wt) (tp) - 

1 757-189B 2%Pt/Ce02-Zr02 (19.6 : 80.4 wt) (tp) - 

1757-193B repeat Of 1757-1 88B- 

1875-023 xPt/CeOx-ZrOx - 

1 875-025 Zr02- - Pt-CeOx 

1 875-029 2%Pt-Zr02 -- Ce02 (42:58) - 

1 757-207A 2%Pt/Zr02 - July 01 , 2001 

1 757-207B 0.2%Ca/2%Pt/(c) Ce02-ZrO2 (58:42 wt) - 
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1944-073 


1%Li/1%Pt/Ce02-Zr02 (58 ; 42 wt) 


1944-075 


2%Li/1 %Pt/Ce02-Zr02 (58 : 42 wt) 


1944-051 


0.2%Ba/2%Pt/CeO2-ZrO2 (58:42 Wt) - 


1944053 


0.2%K/2%Pt/CeO2-ZrO2 (68:42 wt) - 


1944-055 


0.2%Sr/2%Pt/CeO2-ZrO2 (58:42 wt) - 


1944-049 


0 2%Y/2%Pt/Ce02-Zi02 (58 : 42 wt) - 


Contributors to the Invention: A. Ghenciu, N. Trusty, M. Feaviour, J Reinkingh, P. Shady, P. jj 
Anderson jj 


If Invention has been discussed with or disclosed to external third parties, give details: | 


Discussed with GM | 



Witness Statement: 

"Oft ffte ctete beside my signature, I read and understood the above invention" 
Name: 



Signature: 
Date: 
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EXHIBIT "B" 



File Name: 187SJ17 (1.6%Pl-Ce02 TPC copp NaOH) 
Catalyst prep: N. Trusty/ A. Ghenciu 

WGS Catalyst: Prepare 1 .<>%Pt-Ce02 by coprecipustion. using TPC and Ce(nj) nitrate. % ntera. is by 

Objective *, ght 

4 ATffPtALS TeUnmino-Platinum Chloride «TPC), M «* solution, Lot > « W9.73M1B. I 19* .M- ("MO 

MATEKIA1j» so|> d _ 1J345 g/ ro |) MMg(-433 ml) 

(Shows actual C e(N03)3 srock solutioo, JM, 395 g Ce/1, d= I -7 j/rol 9 , g 

.eight, used) ™on^ ' 



20 



IS 




Calculated for 12.5 g 1 6%Pt/Ce02 final material, containing: 

12.3 &Ce02 and 0.2 gPt 
] TPC solution needed for 02 g Pt: 

0.2 * 1000 / 10540 = 1.8975 gTPC solution 
-> Ce fill) niirate solution needed for 12 J Ce02 in the final material: 
~ motes Ce02 - 12.3 / 172.12 - 0.071462 - moles Ce 

TSSSS^^'^SA ***** • ..»—•* — 

V N^OH solution needed; 5% excess: . . n 

3 moles/ 1 mol Ce Oil) solution, 2 moles/ ! mol Pt solution 
3 ♦ 0 071462 - 02i 44 moles NaOH for Co 
2 • (0 2 / 195.09) - 0.00205 moles NaOH for Pt 

Total moles NaOH - 0.2 1644 moles; with 5% excess. 0-22726 nicies NaOH 
W)H needed: 0 22126 * 40 - 9,1 g 

_ ... A . - TDr _ H rwim solutions were brought to 100 ml volume with Dl water in an 
The weifibed amount of TPC ana K^ill) eoiuuohs wut uiv^ * qolutionl 
ErlenmeVer flask. The weighed amount of NaOH was dissolved mio II liter DI water (-0.2N solution) 
and transferred to the reactor. 

of die fffertto was not measured. 

' WGS uMtrag, the pow<iej- was pressed u> 15 tons and sieved to 45^0 mesh. & 

:*3 The color change from purple to white during the precipitation should be further investigated. It may 
S defend on the Pt precursor, or it may have been due to impurities in the rcacnon vessel. 

<£3= 
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After drying overnight, 6J2 g materia] was recovered 
calculation. 



). No weight loss was recorded after 
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PROJECT NO. 19 
TITLE BOOK NO. 



44 



File Name: lfT*_0l9 (2%Pt-CeO2-Zr02 58-42 copp NaOH) 
Tested as lS'JS-A 

Catalyst prep: A Ghcndu/ N. Trusty 

n ., _ WGS Catalyst; Prepare 2%K^02-Zr02 (Cc02:Zr02 - 58:42, wt%) by coprccipitation, using nitrate 

Objective precursors; % metol is by weight. 

MATERIALS * * ohllio *> JM ' 233 42 8 Pl/l SOh l4 "l 8 ^ k& S ° 1, d = 1 1 & ' ml 40 0 - (^"mn 
MATERIALS c N03)3 SLock solunori> JM, 395 g CeA d-1.7 grml 40 ■ J« ( -3.5 m 

(Shows actwsil ZrO(N03)2 stock solution, JM, 203 j/l, d - 1.433 gftnl 44 « u °j J™" 

weights usejl) * NaOH pellets » ;*; " r; o00 J 

Deionizcd (DI) waicv (not including the water for "ashing the precipitate) 1000 ml 

**u*a lartir** " Calculnted for 20 g 2%Pt-Ce02 final material, containing: 
GrftaMp^ , |9 6 g C cO2-Zr02 and 0.4 g Pt 

• " * ' * 1 . Pt nitrate solution needed for 0.4 g Pt: 

0.4 * 1000 / 149.33 » 2.6786 gPt solution (1.7)37 ml) 
2 Cc (III) nitrate solution needed: 

for 5S°/o Cc02, 1 1.368 g Ce02 in the final material 
moles Cc02 - 1 1 .368 / 172.12 - 0.066047 - moles Ce 

SSO Si2!^ mVoO/395 = 2?.4291 ml Ce ^ or 23,29 » M.7 - 39,295 g Ce solution 

3, ZrO 2 ' solution needed: 

for 42% 2r02. 8.232 g Zr02 in tbe final material 
moles Zr02 = 8.232 / 123.224 - 0,066805 - moles Zr 

4. NaOH solution needed, 10% excess: , _ 

3 motes/ 1 mol Ce (III) solution. 2 moles/ 1 mol 2s&* solution, 2 moles-' I mol Pt solution 
3 * 0.066047 - 0. 19814 moles NaOH for Ce(in) 
2 * 0.066807 "0.13361 moles NaOH for ZrO 2 ' 
2 » (0.4 / 1 95.09) = 0.004101 moles NaOH fisr Pt 

Total moles NaOH = 0.335B5 moles; wtdi 10% excess, 0.36943 moles NaOH 
NaOH needed: 0.36943 • 40 - 14.78 g 

* > < *to»> Tbe weighed amounts of Pt solution, CeflJI) solution, and zlrconyl solution were mixed in an Erlenmeyer i 
t&0fflk ,-C- flajk £ weighed of Ka0H w brOTgM , 0 a Miter solution with DI water, in a volumetric flask j 

' -T : \ ^ i-V .'• (0.375N NaOH solution obtained), ihen transferred to flte reactor. 



The coprecipiuulou was conducted at 90-95°C in a 1.5-lher glass reactor having a heatrng/coohngmaotte under porous surrmg, 
bfdosTg the Pt - Ce • Zr nitrate solution during 25 miu , subsurface Tho pump dial was set at "OAer," . 
tednninl then at 2.0. During the entire course or reaotion, the color of the precipitate was light yellow-beige. The initial pH 
OtaOH Solution) was 12.5-13 (pH paper). The final pH was not measured. After the addition of the precursor solution w M 
complete die precipitate was cured under stiirlng for ca. 1 hx at 90°C, then let stand overnight. 




Work continued to Page 
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Second day, the precipitate was filtered and washed repeatedly with * total of - 6 liter hot DI water I ~S5-60"O r„ ™«*. o . 
A). For WGS testing, the powder was pressed to 15 tons and sieved 10 45-60 mesh. wtmh j (If 
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. A PKOJECTNO. 21 

n™ ArvC?* 'wokno. 

FUeNarne: 1S7SJB1 (3%Pt-CeO>ZrOZ 56-44 copp NaOH) 
Tested as 1$^B 

OuWst I* e P : A - Ghenciu/ N. Tmsty 

' * ^PtrrfP7iO»(Ce02:Zf02- 56:44, wt%) by coprecipiiatton, usiflg nitmtt 

WCS Catalyst: Prepare J %Pt-Ce02-/.rU^ oewn 
CWJeijnv^^ * r v precursors; * /o meta l is by weight- 

rtohratesolution.J^.^ 

fill* Ce(N03)3 stock solution. JM, 395 g Cert, 4-1.1 ' p»J I • M5 g ml) 

^|JSb ~: ZjO(N03)2 stock solution, JM. 203 gfl, d - 1 .433 g/ml 44.0 ft 

3Wras ssssis=5==^=^ - mo 





Calculated for 67 g 3%Pt-Ce02-Zr02 final material, containing; 

65 Cc02-Zr02 and 2 ft Pt 
I . Pi nitrate solution needed for 2 ft Pt: 

2 ♦ 1000 / 149-33 = 13.3932 g Pt solution (8S68 ml) 

•> Ce (111) nitrate solution needed: 
" for 56% Ce02, 36.4 gCe02 In the final material 

So£ CeOG ? 36.4 / 172.12 Ce 

3 ZrO 5 * solution nettled: 

for 44% Zr02, 28.6 B Zr02 in the final mataial 

moles ZK>2 - 28.6 / 123.224 - 02321 - moles Zr 

* N, °?^M SWl)SU 2 moles/ 1 mo, ZrO> solution.. 2 moles/ 1 mo. Pt solution 

3 • 0 2H48 - 0.63444 moles NaOH for Ce(lU> 3 
2 * 0 2321 - 0-4642 moles NaOH for 2rO 1 
2 * (2 ' 195 09) » 0.020503 moles "NaOH lor Pt 
Total moles NaOH - I J 1914 moles; 
NaOH needed 1.11914 ♦ 40* 44.77 g 

flask. The weighed amount of NaOH was orougra m a 
, ~ ,^ (0 5N NaOH solution obtained), then transferred to the reactor. 

li^bt N^llow-beige to brown. 




~ „ M . , ^ uam * «« Work corrtfnurt to Page 
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Second dav. ihe precipitate was washed and filtered repeatedly with a total of ~ 12 liter hot Dl watei e55-60°C) to a filtrate pB| 
6. The washing step included slurring (redispcrsing) the precipitate into hot water (85-90°C) with srirring, followed by filtration^ 
The conductivity of the filtrate was not measured. 

After filtration, the material was placed in a crucible and dried overnight (~L5 hr) at ~125°C in an oven, static air. The dried 
material (color dark brown) was calcined the second day in static air at 5QO*C for 2 hr. The catalyst was stored in a vial and lab 
1875-021 (1875-B). For WGS resting, the powder was pressed to 15 tons and sieved to 45-60 mesh. 

^ffi^bx^^ttSQ^' - v ^i? Tue final P H ( secon d <* a y< June '" 7 » CvCn tho u £h 111010 NaOH had been added after the addition ( 

v^'^f Pt-Cc-Zr solutions. 
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,„ ^ PROJECT NO. 23 



A.6- 



BOOK NO. 



File Name: J875_023 (4%Pt-Ce02^ZiO2 58-42 copp KaOH) 
Tesie4 as 1875-C 

Catalyst prep: Ghenciu/ N, Trust}' 

r%Ki tiW • WGS Catalyst: Prepare 4%PUCe02-Zr02 (Ce02:Zr02 - 58:42, wt%) by copnrciprtation, using oitrate 
5 Qtkjecnve precuIsora; % metal is by weight. 

i^Arr*m*LS * solution, JM, 233.42 g Pt/1 sol, 149.33 g W 'kg soU d - 1 563 1 g/rol ^o^'mSi) 

■?S5^TS|.. Ce(N03)3 stock solution, JM, 395 g Ce/1, d-1 .7 0ml g H - m > 

(S»0^ tfCtuay £ 2r ^ (N03)2 SW ck solution. JM, 203 gfl. d - 1 .433 g/ml 84 * 28 * ( " j J 

^I^tS%ed)? i NaOH pellets ••; " rr""' 1^000 ml 

- ' ■* Deiodized (DI) water (not including the water for washuig the precipitate) iru 

10 

^rno**^ '»i Calculated for 40 g 4Wt-C*O2-Zr02 final material, containing: 

% ' ■ # '~" ] . pt nitrate solution needed for 1,6 g Pt 

1.6 4 1000/149.33 = 10.71 5 gPt solution (6.855 ml) 

>. Cc (HI) nitrate solution needed: 
IS for 5*% Cc02, 22.272 g Ce02 in the final material 

moles Ce02 ^22,272 / 172.12 - 0. 129398 - moles Ce 

3 ZrO^ solution needed: 

for 42% ZiC2, 1 6. 128 g Zr02 In the final material 
moles Zr02 « 16.128 / 123.224 - 0.130884 - moles Zr 

4 NaOH solution needed, 30% excess: in..»i.*^« 

3 moles/ 1 mol Ce OH) solution, 2 moles/ 1 mol Zc&* solution, 2 moles, 1 mol Pt solution 

3 * 0.129398 - 0.388194 moles NaOH for Ce(UI) 

2 ♦ 0.130884 = 0261767 moles NaOH for ZrO 2 *" 

2 * (1 .6 i 195.09) - 0-0I64O3 moles NaOH for Pt 
25 Total moles NaOH = 0.666364 moles; with 30% excess, 0.86627 moles NaOH 

NaOH needed: 0.86637 * 40 - 34.6509 g 

„ , v The weighed amounts of Pt solution, Ce<IU) solution, awi zirconyl sotmion mixe4matt&lenmeyer 
tti#0tifa$ Sk!S weighed amount of NaOH was bought to a 2-liter solution with DI water, m a volumetnc flask 
. : : --.^B»'^v, (0.43N NaOH solutioo obtained), Ihen transferred to the reactor 

« The coorecipitation was conducted at 90-95'C in a 3-Uter glass reactor having a heating/cooling , manUe udder yigtwus *irrmg, by 
J ° Sn^thTp^Ce-Zrmtratesolutionduringca. 1 hr, subsurfac The pump ^dial was set at 

tegtomg. then at 2.0. then the dosing accelemted to 3.0 pump dial. During the course of reaction, the color of the precipitate 

intensified from I ight yellow to beige, then to brown. 

After the addition of the precursor solution tfts complete, the precipitate was cured under stinring for ca. 1 hr at 90^, then washed 
S^^edrTwKS^ of- 14 liter hot DI water (-55-60=0 to a filtrate P H of 6. The washing step mcluded slurrmg 

15 

...v..-^™,^ ch,c^o **» ***** Work continued to Pago 
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(redispcrsing) the precipiiatc into hot water (85-90*C) with stirring, followed by filtration. The conductivity of the filtrate \ 
measured. 

After GJtratioo, the material was placed in a crucible and dried overnight H 5 hi) at ~125°C in an oven, Static air. The drie<rij 
material (color dark brown) was calcined the second day in static air at 500°C for 2 hr. The catalyst was stored in a vial and f 
1875-023 (1875-Q- For WGS testing, the powder was pressed to 15 tons and sieved ro 45-60 mesh. ., 
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PROJECT NO. 25 
BOOK NO. 



^ File Name: 1875_02S (Zr02-4%Pt-C«02 42-58 copp NaOH_seq) 
;1[ Tested as 1875-D 
led 3 Catalyst prep: A. Glienciu/N. Trusty 



I s . • WOS Catalyst- Prepare ZrO2~4%Pt-Ce02 (Ce02:ZrO2 = 58:42, wt%) by sequen tial copi^ipitM^n. 

j Objective JJJJ CJ-J^WJ^ % ^ fc fay ^ ^ w ^ p,.^^, then prccp.tate ZtO(OH)2. 

I ^ ATTPI AtS ■ P« nitrate solution, JM, 233.42 g Pt/l sol, 149.33 g W kg sol, d * 1 .563 1 g/ml £j} 

951 MATER1£L& Ce(N03)3 stock solution. JM, 395 g Ce/1, d=1.7 g/mJ = S'SiS SJ'IS! 

jg (showy*CtMfc,: "i 2^,03)2 stock solution, JM, 203 g/U d - 1 433 g/mJ 6321 « t ^.-l 9 e 

vYeights ,| usw 1 :' NaOH pellets - r: " - -I'soomi 

jo .". OeiookedCDJ) water (not including theater for washing the precipitate) uw 



1 ~ • r *» * ■ Calculated for 30 a 4%Pr-Ce02-ZrO2 final material, containing: 

S CalcpIatWli £ 2g 8 Ce0 2-ZrO2 and 1 .2 g Pi 

* . : ' -' "a i. Pt nitrate solution needed for L2 g Pt: 

•j 1.2 * 1000/ 14933= 8.0359 gPt solution (5.14 1 ml) 

*> Ce(lU) nitrate solution needed: 

for 58% Ce02, 1 6.704 g CeG2 in thet fmal material 
moles Ce02 = 16.704 / 172.12 = 0.09705 - moles Ce 

amount Ce - 0.09705 ' 140.12- 13.5984 g „ 
S(II0 soluUon « 15.5984 • 1000/ 395 = 34.43 ml Ce solution, or 34.43 - 1.7 - 58.525 g Ce solutoon 

3. ZrO 3 * solution needed: 

10 for 42% Zi<32, 12.096 g 2K>2 in the final material 

moles Zr02 « 12-096 / 1 23 224 ■* 0.098 163 « moles Zr 

^^M-Mt^ll 123 m. ZrO^ sn.urio, or 44, 123 • ,.433 - 63,13 g ZrO'" solution 

4. NaOH solution needed, 30% excess: 
3 moles/ 1 tool Ce (Ul) solution. 2 moles/ 1 mol ZrO z+ solution, 2 moles/ 1 mol Pt solution 
3 * 0.09705 = 0-291 15 molea NaOH for Ce(IH) 

2S 2 * 0.098 1 63 - 0. 196325 moles NaOH for ZrO*"' 

2 * (1.2 / 195.09) = 0.012302 moles NaOH forPt 

Total moles NaOH - 0.49977 moles; with 30% excess, 0.64971 moles NaOH 
NaOH needed: 0.64971 ♦ 40 = 25.9882 g 

« The weighed amounts of Pt and Ce(lll) solutions were stored In an Erlenmeyer ^^^ed mount 
im^m h f of zirconyl solution was stored in another Erlenmeyer flask. The necessary amount of NaOH was brought 
to l 5-liter solution with Dl water (0.43N NaOH solution obtained), then transferred to the reactor. 



The coprecipitation was conducted at 90-95'C in a 1 .5-Jiter glass reactor having a heating/cooling mantle, under vigorous stirring, 
m the roUowng JJJJ^^ was ^ fa (he Na0H solutioi) ca . 20 min, subsurface. The ^P*?™*"*™"" 
display 0.5-0.7 in the beginning, then at 2.0 followed by 2.5 pomp dial. During the course of the reachon. the color of the 
precipitate intensified from light yellow to dark beige. , 

. a.Jlu. .jj:.: r *» Dr.r» c«tntW,n w»« comnlete. the zirconvl solution was added by dosing m the same manner ipump 

dial 2.5, "Other") The precipitate became slightly lighter in color, probably due to the formation of zrtHUttjz- 

SIGNATURE ^H^^ 

DISCLOSED TO AND U HDfiflSTOOD BY OATS WITNESS 
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After the addition of the Zr precursor solution was complete, the precipitate was cured under stimnft ibr ca. f hr at 90°C, tha 
washed and filtered repeatedly with a total of ~ 11 liter hot DI water (~55-o0°C) to a filtrate pH of 6, TT>e washing step incld 
slurring (redispersing) the precipitate in hot waier (85-90°C) with stirring, followed by filtration. The conductivity of the filtf 
was not measured. . 

The material was placed in a crucible and dried overnight (-15 hr) at -125°C in an oven, static air. The dried material (brxwi 
color) was calcined the second day in static air at 500 d C for 2 hr. The catalyst was stored in a vial and labeled 1875-025 (l^ 
For WC S testing, the powder was pressed to 1 5 tons and sieved to 4 5-60 mesh. 

Kg Compare the performance of IS75-023 and 1875-025 in WGS: PUCe02 ot Pt-Ce-Zr interaction? 
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PROJECT NO. 27 
|Ti£ BOOK NO- 

file W*ne- l* 75 - 0 * 7 (2%Pt-Zr02 «PP Ntt0B > 
Tested as 1875-E 

ia.lywpiep: A. OhcncWN. Thaty 

■ • • WGS Catalyst: Prepare 2%Pt-Zr02 coprecipitation, using nitrate precursors; % metal is by weigh.. Target 
1st* - to obtain Pt-O-ZrtOHlx. 

Pi nitrate solution, JM. 233.42 g Pt/1 sol. 149.33 g Pt/ kg sol. d - 1.5631 g/ml ™Vt M43 mS 

?<^^ ZrO(N03)2 stock solution. JM. 203 gM" 1.433 g/ml -30-9 6 

" *> S£Sjd^ P TOciDitate > ' 2000 

~ v • Calculated for 40 g 2%Pt-ZK)2 final material, containing: 

~" MS®-' 39.2 Zi02 and 0.8 gPt 

■^■Ai'^m j ptnittatesoluUon needed for 0.8 gPfc 

0.8 ♦ 1000 / 149.33 = 5.3573 g Pt solution (3.427 ml) 

2 ZrO" solution needed for 39.2 « Zr02 in the final material: 

moles ZrC2 - 39.2 / 123.224 - 0.3 1 807 - moles Zr 

^J^-K^mK^ 1 " !^ -I W>* solution, or 142.933 * 1.433 =204.823 gZrO* solution 

3 NaOH solution needed, 20% excess: 

2 moles/ 1 n*d ZtO 2 * solution, 2 moles/ 1 mol Pi solution 

2 ♦ 0 3 J 80? = 0.63*" t4 moles NaOH for ZrCr 

2 • (0.8 / 195 09) - 0.008201 moles NaOH for Pt 

Total moles NaOH 0-64*34 moles; with 20% excess, 0.7732 moles NaOH 

NaOH needed: 0-7732 * 40 - 30.93 g 
^ The weigM amounts of Pt and zirconyl solutions were stored in an Erlenmeyer flask. The neces S ar> 

W^^K H^SS NflOH [was brought to Mite solution with D1 water (0.3BN NaOH soluuon obtauied), then 
^viWjKBBR! transferred to the reactor. 

S 5. oJSJE coSa of mJL the color of me precipitate intensified from light yellowto chrome yellow. 

After the addition of the Pt-Zr precursor solution was complete, the precipitate was cured under stirring forcajhrfl. 90'C, men 

filtrate was no* measured. 

After filtration, the material was placed In a crucible and dried overnight (-1 5 hr) at ~125»C to an oven «itic air. Jf*" 
I^SK^c^meTecond day in static air at 500°C for 2 hr. m catalyst was stored in a vol and labeled 1875-027 (187* 
E). For WCS testing, the powder was pressed to 15 tons and sieved to 45-60 mesh. 
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Observations 
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PROJECT NO. 29 

TITLE ^ * BOOK NO 

n- 

File Name: 1875 J)29 (2%Pt-Zr02--Ce02 42-58 COpp NoOH_'seq) v 
reared as IS75-F 

Catalyst prep: A, Ghenciu-' N. Trusty 

c\W tivc Catalyst: Prepare 2°*Pt-ZrO2-Ce02 by coprecipiution, using nitrate precursors; % mettl is by 

UDjectiv ^^.^ T ^ ct tQ ^ btain Pr _ 0 . Zr(0H) ^ Ce0x 

\* a tit ft TAT <J Pi nte a" solution, JM, 233.42 g Ptf sol, 1 49.33 g Pi- kg sol, d - 1.5631 g/ml 2M g 

MATWCIAW Ce(N03)3 .lock solution, JM. 395 g Cart, d-1.7 g,ml 40.0 g (-23.5 m ) 

(shows actual Zr0 (N03)2 stock solution, JM. 203 d - 1.433 fr'nil 43 0 £ (-30 J ™) 

weights used) NaOH pellets - 161 » 

Deionizcd (DI) water (not including the water for washing ihe precipitate) - 1000 ml 



Calculation 



Calculated for 20 g 2°/aPt-ZrO-Ce02 final material containing: 

19.6 Ce02-Zr02 and 0.4 £ Pt 
1 , Pt nitrate solution needed for 0.4 g Pt: 

0.4 * 1000 / 149.33 - 2-671563 g Pt solution () 714 ml) 



2. Ce (III) nitrate solution needed: 
1$ for 58% Ce02, 1 1 .368 g Ce02 in the final materia] 

moks Ce02 - I L368 / 172,12 = 0.066047 = moles Ce 
amount Ce = 0.066047 * 140.12 = 9.2545 g 

Ce(lll) solution - 9.2545 * 1000 / 395 - 23.43 ml Ce solution, or 23.43 M .7 ■ 39.83 g Ce solution 



!Q 



ZrO 2 ' solution needed: 

for 42% ZrQ2, 8.232 g Zr02 in the final material 
moles 2r02 - 8.232/ 123.224 * 0.066805 moles Zr 
amount Zr = 0,066805 * 91.224 = 6-0942g 

ZrO*' solution = 6.0942 * 1000 1 203 - 30.0209 ml ZrO 2 * solution, or 30.0209 * 1 .433 = 43.02 g ZrCT' solution 



IS 



NaOH solution needed, 20% excess: 

3 moles/ I mol Ce (III) solution, 2 moles/ I mol ZrO 1 ' solution, 2 moles; 1 mol Pt solution 
3 * 0.066047 * 0.198141 moles NaOH for Ce(Ul) 
2 * 0.066805 - 0.13361 moles NaOH for ZrO 2 ' 
2 • (0.4 / 195.09) = 0.0041 moles NaOH for Pt 

Total moles NaOH * 0.33585 moles; with 20% excess, 0.40302 moles NaOH 
NaOH needed: 0.40302 * 40 = 16.12 g 



Preparation^. 



The weighed amounts of Pt and zirconyl soluiions were mixed and stored in anBrlenmeyer flask. The 
weighed amount of CefUI) solution was stored in another Erlenmeyer flask. The necessary amount of 
NaOH was brought to 1-lher solution with Dl water (0.4N NaOH solution obtained), then transferred to ihe 



reactor. 



The eoprecipitaoon was conducLed at 90-95 D C in a 1.5-liter glass reactor having a heating/cooling mantle, under vigorous stirring, 
in ihe following manner: 

- The Ce(IJT) nitrate solution was dosed in the NaOI-l soludon during ca, 20 rain, subsurface. The pump dial was set at "Other/ 
display 0.5-0.7 in ihe beginning, then at 2.0 followed by 2.5 pump dial During the course of the reaction, the color of the 
precipitate intensified from light pink-purple to a purple-cocoa color. After die addition of die Ce(in) solution was complete, 
the precipitate was cured for & hr at 90-95°C under stirring. 



ir 1^ - 1 SNCiO'v M>00\<!iOK$ CHiCACO MADE JN l*3A 

Cm m&j» 

TO A*4q UMOEftSTOOO BY 



OATf 



WTTNESS 



Work continued to Page 

DATE 
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30 



S^ZS^^ilSSi* 7 ^ iD Same mmu > 5ubsur6t *' * «4 * (P«mp dial 2.0-2.5, 
Tbe precipitate was cured under stirring for ca 1 hr »r on«r u ^ J ^. 

water to a filtrate pH of 6. ^iSrS I ■ a ^'^d repeatedly wiA , rola J of - 9-10 liter 

After filtration, rhe material \*qs placed in a enirShu j - . , , 

Mil h* ^ calcined the m?^£^Z^& S « * ~ 125 ? * - oven, scat* air. The dhed ■ 
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EXHIBIT "C 




From; 
Sent: 
To; 
Cc: 



saiier@gm.com 

oconnell@gm.com; piedmont@gm.com; robb@gm.com; stoUler@gm.com; 
Wagner@gm.com; Mike Atkinson; Maeve Carney; Sue Elite; Julia Evans; Jack Frost; Anca 
Ghenciu; Graham Hands; Mike Fetch; Lu Potter; Jessica Reinkingh; Ros Stayne; Ian Wishart 
EXT: Records of Invention 



Peter Gray faravD.FCHO.READINGOmatthey.comJ 



Subject: 



Attachments: 



Rol.2ip 



Rol.zlp (1 M6) 



Topic: 



Program: GM fuel processing sub program 
Records of Invention 



Dear Jim, 



Please find attached 19 Rols for the items listed in your email of 26 July 2001. I have 
listed the concepts from your email in a summary document (Rol Statua.doc), also attached. 

Some concepts (7 and 14) have been covered as two Rols, as they could possibly be regarded 
as two inventions - 

Any concepts you have listed as "possible publication" I have also included as Rols, just 
as a convenient way of documenting the ideas. 

Would you address specific technical questions on any Rol to the appropriate author. 
Thanks. For any information on background IP, would you please contact Maeve. As per the 
MEA program, Maeve is putting together a package of previous JM patents which may be 
relevant background. She will send this to you next week. 

We will be having our next monthly meeting in Honeoye Falls on September 18-19. I'm 
planning to schedule some time in the agenda to allow for further discussion of these 
Rots. Do you have a preference for the Tuesday or Wednesday? 

Best regards 

Peter 



IMPORTANT NOTICE 
CONFIDENTIAL INFORMATION 

This email, including attached documents, contains confidential and proprietary legal, 
technical or business information relating to the Fuel Cell Research Agreement having the 
effective date of August 20 1999. This communication is intended only for the use of the 
person or entity to whom it is addressed. If you are not the addressee, or the person 
responsible for delivering communications to the addressee, do not read, copy or otherwise 
distribute the information, but call us on +44 (0)118 9242156 and ask for Ros Stayne, who 
will advise you how to return this communication or alternatively email 
frost j c8matthey . com 
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